Methods. The clinical and serologic features of APS (Sapporo preliminary criteria) in 1,000 patients from 13 European countries were analyzed using a computerized database.
higher frequency of stroke and angina pectoris, but a lower frequency of livedo reticularis, than the remaining patients.
Conclusion. APS may affect any organ of the body and display a broad spectrum of manifestations. An association with SLE, the patient's sex, and the patient's age at disease onset can modify the disease expression and define specific subsets of APS.
The antiphospholipid syndrome (APS) is a systemic autoimmune disorder characterized by a combination of arterial and/or venous thrombosis, recurrent fetal loss, often accompanied by a mild-to-moderate thrombocytopenia, and elevated titers of antiphospholipid antibodies (aPL), namely, the lupus anticoagulant (LA) and/or anticardiolipin antibodies (aCL) (1) . APS was first recognized in patients with systemic lupus erythematosus (SLE) and was then found at lower frequency in patients with other autoimmune disorders. It is now well known that the development of this syndrome may also be independent of any underlying disease (i.e., primary APS) (2) . A subset of APS has recently been described in which multiple vascular occlusive events, usually affecting small vessels that supply organs and presenting over a short period of time, are the outstanding features. This subset has been called catastrophic APS (3) .
Although a great variety of clinical features have been described in patients with the APS, the real prevalence of most of these manifestations is unknown (4) (5) (6) (7) . Another question that arises is whether the association with SLE, the patient's sex, or the patient's age at onset of the disease can modify the disease expression and define some specific APS subsets. Several investigators have addressed this problem, but the results have varied (8, 9) , probably because of the small number of patients that have been analyzed, the disparity in selection criteria for patients, and the definition of the variables.
The aim of the present study was to analyze the prevalence and characteristics of the main clinical and immunologic manifestations of APS at disease onset and during its evolution in a cohort of 1,000 APS patients. We also sought to clearly define the patterns of disease expression in this condition.
PATIENTS AND METHODS
Patient selection. The Euro-Phospholipid Project started in 1999, with a multicenter, consecutive, prospective design. In order to gather a sizeable series of patients, 20 tertiary referral centers at universities in 13 countries (Belgium, Bulgaria, Denmark, France, Germany, Greece, Hungary, Israel, Italy, The Netherlands, Portugal, Spain, and the UK) agreed to take part in the study. Staff at all 20 centers had substantial experience in the management of patients with APS.
The final cohort included 1,000 unselected patients (50 consecutive patients from each center) who met the proposed preliminary criteria for the classification of definite APS (10) . Equivocal cases or cases that did not fulfill the criteria as well as cases in other previous cohort studies were not included. The patients had been attending the referral centers either as inpatients or outpatients between the years 1990 and 1999. Specifically, they attended departments of rheumatology (7 centers), clinical immunology/autoimmune diseases (6 centers), internal medicine (5 centers), and hematology/hemostasis (2 centers).
All patients had their medical histories documented and underwent a medical interview as well as a routine general physical examination by a qualified internist and/or rheumatologist. A serum sample from each patient was collected for immunologic testing. A protocol form was used to record the clinical and serologic characteristics of the patients. Salient features included in this protocol were: 1) sex, 2) race, 3) age at disease onset (defined as the initial manifestation attributable to APS), 4) age at protocol (defined as age at entry into the protocol study), 5) underlying autoimmune disease, 6) clinical manifestations at disease onset, 7) cumulative clinical manifestations during the evolution of the disease (from onset until the protocol study), and 8) laboratory features at entry into the protocol study.
Information collected into the protocol forms was transferred to a computerized database program (Access 2.0; Microsoft, Redmond, WA). The study was performed according to the principles of the Declaration of Helsinki.
Definition of clinical features. To minimize possible interobserver bias, the inclusion criteria and variables of this protocol were carefully discussed on several occasions by all the participating physicians. The underlying autoimmune disease was considered when the patient met the specific criteria, as follows: SLE, classified according to the American College of Rheumatology (ACR) revised criteria (11); lupus-like syndrome, for those who fulfilled only 2-3 ACR criteria for SLE; rheumatoid arthritis, according to the ACR criteria (12) ; dermatomyositis, according to the criteria of Bohan and Peter (13); systemic sclerosis, according to the ACR preliminary criteria (14) ; primary Sjögren's syndrome, according to the European Study Group criteria (15) ; systemic vasculitis, according to the ACR 1990 criteria (16); and primary APS, for those who did not fulfill classification criteria for any of the other conditions.
A total of 102 clinical manifestations that have been described in patients with APS (17) were included on the protocol forms. Patients were considered to have these manifestations if the diagnosis was confirmed according to the established criteria for each manifestation, using laboratory, imaging/Doppler, or histopathologic studies, with the exception of superficial venous thrombosis and other dermatologic features that could be diagnosed on clinical grounds. Histopathologic confirmation of thrombosis required the absence of significant evidence of inflammation in the vessel wall.
Among the major clinical manifestations, deep vein thrombosis was confirmed by Doppler studies and/or phlebography, peripheral arterial thrombosis by arteriography, cerebrovascular accident, multiinfarct dementia, cerebral venous thrombosis, and transverse myelopathy by computed tomography and/or magnetic resonance imaging scans, migraine was diagnosed if the patient fulfilled the criteria of the International Headache Society (18) , pulmonary embolism was confirmed by ventilation/perfusion pulmonary scintigraphy, heart valve lesions by transthoracic echocardiogram, myocardial infarction by elevated cardiac enzyme levels and electrocardiogram, and intraabdominal infarctions by computed tomography and/or magnetic resonance imaging scans.
Patients were considered to have catastrophic APS if they presented with an acutely devastating APS with multiple organ involvement, as previously defined (3). Pregnancy morbidity was considered when the patient fulfilled the definitions established under the preliminary criteria for the classification of the APS (10) .
Laboratory studies. The presence of aCL of IgG and IgM isotypes was measured by a ␤ 2 -glycoprotein I-dependent enzyme-linked immunosorbent assay (ELISA) (19) . Results were considered positive if medium-to-high titers (Ͼ20 GPL or MPL units [IgG phospholipid units or IgM phospholipid units]) were present on 2 or more occasions at least 6 weeks apart. LA activity was detected by coagulation assays, adhering to the guidelines of the International Society on Thrombosis and Hemostasis (20) and according to the following steps: 1) prolonged phospholipid-dependent coagulation demonstrated on a screening test (e.g., activated partial thromboplastin time, kaolin clotting time, dilute Russell's viper venom time, dilute prothrombin time, or textarin time); 2) failure to correct the prolonged coagulation time found on the screening test by mixing the patient's sample with platelet-poor plasma from a normal donor; 3) shortening or correction of the prolonged coagulation time found on the screening test by the addition of excess phospholipid; and 4) exclusion of other coagulopathies (i.e., factor VIII inhibitor or heparin, as appropriate).
Antinuclear antibodies (ANA) were determined by indirect immunofluorescence on mouse liver and HEp-2 cell substrate. Anti-double-stranded DNA (anti-dsDNA) antibodies were determined by Farr's ammonium sulfate precipitation technique, ELISA, and indirect immunofluorescence on Crithidia luciliae substrate. Precipitating antibodies to extractable nuclear antigens, including Ro/SSA, La/SSB, U1 small nuclear RNP, and Sm, were detected by ELISA and counterimmunoelectrophoresis using calf and rabbit thymus and human spleen extracts. Rheumatoid factor was detected by latex and Rose-Waaler tests. All these tests were performed in referral laboratories that adhere to strict quality controls and that are participating in the standardization project of the European Forum on aPL.
Statistical analysis. Conventional chi-square and Fisher's exact tests were used for analyzing qualitative differences, and Student's t-test was used for comparison of means in large independent samples of similar variance. A P value less than 0.05 was considered statistically significant. When several independent variables appeared to have statistical significance in the univariate analysis, a logistic regression test was performed for multivariate analysis in order to rule out possible confounding variables. In this case, only those variables showing statistical significance in the multivariate analysis were considered to be significant study results.
Odds ratios (ORs) were calculated to assess the risk of the presence of each variable. A lower limit of the 95% confidence interval (95% CI) that exceeded 1.0 was considered to indicate statistical significance in the case of positive association, and an upper limit that was lower than 1.0 was considered to indicate statistical significance in the case of negative association. Results of the analysis of continuous variables are reported as the mean Ϯ SD. Statistical analyses were performed by means of the SPSS program (SPSS, Chicago, IL), using the information stored in the database program.
RESULTS
General characteristics. The cohort consisted of 820 female patients (82.0%) and 180 male patients (18.0%) (female:male ratio 5:1). There were 985 whites (98.5%), 5 blacks (0.5%), and 10 patients of other races (1.0%). The mean Ϯ SD age at the onset of symptoms attributable to the disease was 34 Ϯ 13 years (range 0-81 years; median 31), and the mean Ϯ SD age at study entry was 42 Ϯ 14 years (range 0-82 years; median 40). The mean Ϯ SD period of evolution of the disease until entry into the study was 92 Ϯ 75 months (range 0-200 months; median 72). Eighty-five percent of patients were diagnosed as having APS between ages 15 and 50 years.
As shown in Table 1 , 53.1% of the patients had primary APS, 36.2% had APS associated with SLE, 5.0% had APS associated with lupus-like syndrome, and 5.9% associated with other diseases. A catastrophic APS occurred in 8 patients (0.8%), and in 6 of them, this was the presenting event of the APS.
Clinical manifestations. The most common presenting manifestations were deep vein thrombosis (31.7%), thrombocytopenia (21.9%), livedo reticularis (20.4%), stroke (13.1%), superficial thrombophlebitis (9.1%), pulmonary embolism (9.0%), fetal loss (8.3%), CLINICAL AND IMMUNOLOGIC MANIFESTATIONS OF APStransient ischemic attack (7.0%), and hemolytic anemia (6.6%) ( Table 2) . A great variety of clinical manifestations were recorded during the evolution of the disease in vessels of almost all organ systems. Table 3 shows the cumulative clinical features from symptom onset until entry into the study. A total of 371 patients (37.1%) presented with only venous thrombotic events, 270 (27.0%) with only arterial thrombosis, 152 (15.2%) with both venous and arterial thrombosis, 121 (12.1%) with only fetal loss, and 86 (8.6%) with only thrombosis of the microcirculation.
A total of 590 women (71.9%) experienced 1 or more pregnancies (range 1-23), and 437 of them (74.1%) succeeded in having 1 or more live births (mean 1.7; range 1-8). The most common obstetric complications in the mother were preeclampsia (9.5% of pregnant women), eclampsia (4.4%), and abruptio placentae (2.0%). The most common fetal complications were early fetal loss (35.4% of pregnancies), late fetal loss (16.9% of pregnancies), and premature birth (10.6% of live births).
Immunologic features. The main immunologic findings are summarized in Table 4 . The presence of aCL was detected in 879 patients (87.9%) and LA in 536 patients (53.6%). In addition to aPL, some patients had ANA (59.7%), anti-dsDNA (29.2%), anti-Ro (14.0%), and rheumatoid factor (7.8%), among other autoantibodies. No differences were found in the clinical presentation of the APS according to the presence or absence of these antibodies.
Differences between primary APS and APS associated with SLE. Among the entire cohort, 53.1% of the patients had primary APS and 41.2% had APS associated with SLE or lupus-like syndrome. Both groups had similar profiles (including age at disease onset), except that patients with APS associated with SLE had more episodes of arthritis (56% versus 3% in patients with primary APS; P Ͻ 0.001, OR 37.8, 95% CI 21.9-66.1) and livedo reticularis (36% versus 16%; P Ͻ 0.001, OR 3, 95% CI 2.2-4.1) and more frequently exhibited thrombocytopenia (43% versus 21%; P Ͻ 0.001, OR 2.9, 95% CI 2.1-3.9) and leukopenia (38% versus 2%; P Ͻ 0.001, OR 24.5, 95% CI 13.3-46.2).
Differences related to sex. The entire cohort consisted of 820 female patients (82.0%) and 180 male patients (18.0%), with a 5:1 ratio of females to males. However, this ratio was higher in patients with SLE (7:1) than in patients with primary APS (3.5:1) (P Ͻ 0.005). Both female and male groups had similar clinical profiles, with the following exceptions. Female patients had more frequent episodes of arthritis (29% versus 19% in males; P Ͻ 0.01, OR 1.8, 95% CI 1.2-2.7), livedo reticularis (26% versus 16%; P Ͻ 0.005, OR 1.9, 95% CI 1.2-3), and migraine (23% versus 12%; P Ͻ 0.005, OR 2.2, 95% CI 1.3-3.4), while male patients more frequently had myocardial infarction (16% versus 3%; P Ͻ 0.001, OR 5.4, 95% CI 3-9.8), epilepsy (12% versus 6%; P Ͻ 0.01, OR 2.1, 95% CI 1.2-3.7), and arterial thrombosis in the lower legs and feet (11% versus 3%; P Ͻ 0.001, OR 3.9, 95% CI 2-7.6).
Differences related to the age at onset of APS. Childhood-onset APS. In 28 patients (2.8%), APS onset occurred before the age of 15 years. These patients with childhood-onset APS presented with more episodes of chorea (14% versus 1%; P Ͻ 0.001, OR 17.8, 95% CI 4.3-69.8) and jugular vein thrombosis (7% versus 0.1%; P Ͻ 0.05, OR 10.6, 95% CI 1.4-60) than the remaining patients in the cohort.
Older-onset APS. In 127 patients (12.7%), APS onset occurred after the age of 50 years. These patients with older-onset APS were more frequently male (34% versus 16%; P Ͻ 0.001, OR 2.8, 95% CI 1.8-4.2) and had more strokes (30% versus 18%; P Ͻ 0.005, OR 1.9; 95% CI 1.2-2.9) and angina pectoris (9% versus 2%; P Ͻ 0.001, OR 6, 95% CI 2.6-13.9), but less frequently had livedo reticularis (13% versus 26%; P Ͻ 0.005, OR 0.5, 95% CI 0.3-0.8), than the remaining patients in the cohort.
DISCUSSION
In the present study, we analyzed the prevalence and characteristics of the most relevant clinical and immunologic features in the largest cohort of APS patients that has been described so far. Several differ- ences in the expression of the disease were observed in relation to the presence or absence of SLE, the patient's sex, and the patient's age at onset of APS. This cohort consisted of 1,000 patients that have been gathered by a European consortium, the EuroPhospholipid Project Group. This consortium was created in 1999 as part of the network promoted by the European Forum on aPL, a study group devoted to the development of multicenter projects with large populations of APS patients. The patients of the present study were collected consecutively at 20 university centers that follow all the cases diagnosed in their referral area, including all sorts of APS manifestations, and derived by a wide variety of specialists and subspecialists (i.e., internists, rheumatologists, obstetricians, hematologists, neurologists, etc.). Only patients with definite APS, as recommended by the international consensus statement that was recently produced in Sapporo, Japan (10), were included in the cohort, thus avoiding equivocal cases (21) or cases with only thrombocytopenia or other clinical manifestations not listed in the set of clinical criteria of the consensus statement (22) . Therefore, this cohort can be considered to be representative of what are currently accepted as APS patients. Although APS is being recognized with increasing frequency in medical practice, the diversity of its clinical and laboratory features makes precise diagnosis a challenge for the clinician, and this has been reflected in the present study. Overall, the prevalence of the major clinical features accepted as classification criteria (10) in the present cohort is comparable to that reported in previous studies (4-7). Deep venous thrombosis (38.9%), stroke (19.8%), pulmonary embolism (14.1%), superficial thrombophlebitis in the legs (11.7%), transient ischemic attacks (11.1%), and obstetric morbidity (including both fetal and maternal complications) were very common manifestations (see Table 3 ). However, several other manifestations that are considered "minor" in the Sapporo criteria were also frequently found, including thrombocytopenia (29.6%), livedo reticularis (24.1%), heart valve lesions (14.3%), hemolytic anemia (9.7%), epilepsy (7.0%), leg ulcers (5.5%), myocardial infarction (5.5%), and amaurosis fugax (5.4%), among others.
Additionally, the present study allowed a more precise estimate of the prevalence of a great variety of clinical features that have occasionally been reported in some patients with the APS (17,18). There were several clinical manifestations with a prevalence of 1-5%. These included arterial thrombosis in the legs (4.3%) and arms (2.7%), subclavian (1.8%) and jugular (0.9%) vein thrombosis, angina (2.7%), multiinfarct dementia (2.5%), chorea (1.3%), pulmonary hypertension (2.2%), pulmonary microthrombosis (1.5%), renal thrombosis (2.7%), and a variety of cutaneous lesions (pseudovasculitic lesions, digital gangrene, cutaneous necrosis). Finally, this study confirms that the prevalence of some other reported manifestations, such as transverse myelopathy, Addison's syndrome, and pancreatic or hepatic manifestations, is very low (Ͻ1%). It should be emphasized that these prevalences are generally lower than those reported in earlier series. A possible reason for this fact is the systematic long-term use of anticoagulants during the last decade for secondary prophylaxis of thrombotic events (23, 24) .
Interestingly, one of the most common clinical manifestations of the APS and, at the same time, a special characteristic among thrombophilic disorders is fetal morbidity, including abortions, fetal deaths, intrauterine growth retardation, and premature birth. Additionally, maternal morbidity (preeclampsia, eclampsia, and abruptio placentae) is also relatively common in pregnant patients with APS. The most common fetal complications in our study-where 71.9% of the women experienced 1 or more pregnancies-were early fetal loss (35.4% of pregnancies), late fetal loss (16.9% of pregnancies), and premature birth (10.6% of live births), while the most common obstetric complications in the mother were preeclampsia (9.5% of pregnant women), eclampsia (4.4%), and abruptio placentae (2.0%). However, it should be stressed that 74% of the women of the present cohort who became pregnant succeeded in having one or more live births. This represents one of the most important advances made in the last decade, after close followup and medical awareness of APS patients, together with the widespread use of antiaggregant and anticoagulant drugs (mainly, low-dose aspirin and low molecular weight heparin) and the careful monitoring of pregnancies in women with APS (25) (26) (27) (28) .
The frequencies of the major immunologic features of APS in the present series are also comparable to the frequencies reported in other studies (4) (5) (6) (7) . In addition to aPL, ANA were detected at some time during the course of the illness in 59.7% of patients, but usually at low titers, and positive titers of anti-dsDNA antibodies were found in 29.2%, always in patients who also had SLE. The other autoantibodies (antiextractable nuclear antigens, rheumatoid factor, and cryoglobulins) were less commonly found.
This project allows us to study the patterns of disease expression in specific APS groups. Although the APS was first recognized in patients with SLE or a lupus-like syndrome (29) , primary APS was the first subset that was described (2) , and the present consecutive and unselected cohort study revealed that this subset is even more frequent (53.1%) than the subset associated with SLE or lupus-like syndrome (41.2%). The question of whether the features of APS are in any way influenced by the presence or absence of SLE is important for diagnostic and therapeutic reasons (30) , and previous studies with smaller numbers of patients have already shown several differences (8) . In the present cohort, we observed that both groups had similar profiles, with the following exceptions. Patients with APS associated with SLE had more episodes of arthritis and livedo reticularis, and more frequently exhibited thrombocytopenia and leukopenia. It is therefore reasonable to hypothesize that factors other than aPL (i.e., anti-platelet or lymphocytotoxic antibodies) could play a role in the pathogenesis of these manifestations in SLE patients.
The majority of systemic autoimmune diseases are much more frequent in females, with a male to female ratio of 9-10:1 in SLE (31) , and they appear during the childbearing years in women, mainly between ages 15 and 50 years, thus reflecting a hormonal influence in their pathogenesis. We confirmed a female predominance in this cohort (female:male ratio 5:1), but predominance was greater in patients with SLE (7:1) than in patients with primary APS (3.5:1). We observed that female and male groups in the present cohort had similar profiles, with the following exceptions. Female patients had more frequent episodes of arthritis and livedo reticularis-both connected with the higher prevalence of SLE-related APS in women-and migraine, while male patients had more frequent episodes of myocardial infarction, epilepsy, and arterial thrombosis in the lower legs and feet.
Some differences could also be detected among patients with childhood onset and older onset of the disease. Patients with childhood-onset APS had more episodes of chorea and jugular vein thrombosis, whereas patients with older-onset APS were more frequently male and had a higher frequency of strokes and angina pectoris, but a lower frequency of livedo reticularis, compared with the remaining patients.
Thus, a hormonal influence as well as other factors related to aging could be implicated in these differences. Studies to improve the identification of other APS subsets are in progress.
In 1992, the existence of a new subset of APS was described, in which multiple vascular occlusive events, usually affecting small vessels that supply organs and presenting over a short period of time, were the outstanding features. This subset was called catastrophic APS (32) . Although large-vessel occlusions were also present, their prevalence did not in any way approach that in patients with classic APS. The occlusions occurred over several days to several weeks, and more than 50% of patients usually died of the disease despite seemingly adequate therapy, including anticoagulation, steroids, etc. A comprehensive review article describing the clinical and laboratory features of 50 such patients was published in 1998 (3) . In the present study, the prevalence of catastrophic APS among the entire cohort of patients with APS was ϳ1%.
Because of the multicenter design of this study, there are several limitations. Among others, the observed prevalence of some manifestations seems to be surprisingly low. Multiple subungual splinter hemorrhages are sometimes difficult to discern, and probably not all of the cases were detected by physicians; therefore, the 0.7% prevalence may be an underestimation of the true prevalence (33) . The prevalence of heart valve abnormalities was lower than previously reported (8, 34) , probably because a transesophageal echocardiogram was not routinely performed. Last, the 3% observed prevalence of APS-related renal manifestations is clearly an underestimation due to the frequently overlooked feature of APS nephropathy superimposed on SLE nephritis, as well as the reluctance of physicians to perform renal biopsies in APS patients who require anticoagulation and who are frequently thrombocytopenic (35) .
In conclusion, this large international study has identified the prevalence and characteristics of the main clinical and immunologic manifestations of APS at its onset and during its evolution and has demonstrated that it is possible to recognize more homogeneous subsets of clinical significance. The main question that now arises is whether these APS patients with different patterns of disease expression also have a different prognosis. Our intention is to follow up this cohort of 1,000 patients during the next 10 years in order to clearly assess the morbidity characteristics and the mortality rates of the different groups of patients that have been identified.
